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Claim 

Cylindrical alkaline battery with the open end of electric current generation element- 
containing positive electrode can (4) being sealed with a seal (6) c onsisting of a thick circular 
part (61) with a through-hole (64) for the insertion of a negative electrode collector rod (5), an 
outer edge (62) in contact with the open end of the positive electrode can (4), and a connecting 
part (63) for connecting the thick circular part (61) and the outer edge (62), with a circular 
support (7) placed over the thick circular part (61) and the thick circular part (61) fastened 
between the negative electrode collector rod (5) and the circular support (7) after insertion of the 
negative electrode collector rod (5) in the through-hole (64), followed by fastening of the outer 
edge (62) of the seal (6) to the inner edge of the opening of the positive electrode can (4) or 
inward folding of the edge of the metal outer can (13) for pressing to prevent its movement to the 
outside of the battery and installing a spring (9) between the negative electrode collector rod (5) 
and negative electrode terminal plate (8) to press the head of the negative electrode collector rod 
(5) in the axial direction, characterized in that the through-hole surrounding part (6a) and other 
part (6b) of the thick circular part (61) of the seal (6) are molded separately; with the contact part 
(6c) between the outer face of the through-hole surrounding part (6a) and the inner face of the 
other part (6b) being tapered with a gradual decrease in the diameter toward the electric current 
generation element side; with the inner face (6d) of the other part (6b) being tapered with a 
gradual decrease in the diameter toward the electric current generation element against the outer 
contact face (6c) of the through-hole surrounding part (6a); and with the through-hole 
surrounding part (6a) being inserted into the other part (6b) to form the seal (6). 
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Detailed explanation of the invention 

The present invention concerns an improvement of a cylindrical alkaline battery using 
metal oxides such as manganese dioxide, silver oxide, mercury oxide, nickel oxide, etc., for the 
positive electrode active materials, with it being an objective of the present invention to provide 
a high-safety cylindrical alkaline battery allowing a rapid escape of gases to the outside as the 
battery's intemal pressure rises abnormally, along with the prevention of battery breakage by 
such an abnormal rise of intemal pressure. 

With strong alkalis used for electrolytes in alkaline batteries, excessive discharge and 
impurities in the negative electrode active materials may cause a rapid generation of gases in 
large amounts, resulting in an abnormally high pressure inside the batteries. 

In one safety scheme shown in Figure 7, a synthetic resin seal used for sealing the open 
part of a positive electrode can is made somewhat thin, thus when the pressure inside the battery 
is abnormally high, the thin part (63b) may break, allowing the gases to escape and preventing 
electrolyte scattering, with battery rupture. 

However, it is very difficult to forai a small seal with a thin part that will break under a 
certain pressure, and with thickness variation, there is a danger of breakage under a designated 
pressxire or breakage under a pressure below the desired pressure. 

The present invention is to overcome such problems and to provide a high-safety-level 
cylincSical alkaline battery with the open end of the electric current generation element- 
containing positive electrode can being sealed with a seal consisting of a thick circular part with 
a through-hole for the insertion of a negative electrode collector rod, an outer edge in contact 
with the open end of the positive electrode can, and a connecting part for connecting the thick 
circular part and the outer edge, with a circular support placed over the thick circular part and the 
thick circular part fastened between the negative electrode collector rod and the circular support 
after insertion of the negative electrode collector rod in the through-hole, followed by fastening 
of the outer edge of the seal to the inner edge of the opening of the positive electrode can or 
inward folding of the edge of the metal outer can for pressing to prevent its movement to the 
outside of the battery, and installing a spring between the negative electrode collector rod and 
negative electrode terminal plate to press the head of the negative electrode collector rod in the 
axial direction, characterized in that the through-hole surroxmding part and another part of the 
thick circular part of the seal are molded separately; the contact part between the outer face of 
the through-hole surrounding part and the inner face of the other part is tapered with a gradual 
decrease in the diameter toward the electric current generation element side; the inner face of the 
other part is tapered with a gradual decrease in the diameter toward the electric current 
generation element against the outer contact face of the through-hole surrounding part; and the 
through-hole surrounding part is inserted into the other part to form the seal. As a result, as the 
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battery's internal pressure reaches a designated pressure, the through-hole surrounding part and 
the other part of the seal separate, allowing a rapid escape of the gases from the battery, and 
preventing rupture of the battery. 

Next, an example of the present invention is explained with figures. 

Figure 1 shows a partial cross-sectional diagram illustrating an example of the cylindrical 
alkaline battery of the present invention; Figure 2 shows an expanded cross-sectional diagram of 
a key part of the battery illustrated in Figure 1. 

First, a seal used in this example is explained. The seal consists^f a tW circula r 

part (61) surrounding a through-hole (64) in the center for insertion of a negative electrode 
collector rod (5), a circular outer edge (62) to be in contact with the inner face of the opening 
edge of the positive electrode can (4), and a connecting part (63) between the thick circular part 
(61) having a V-shaped part (63a) and the outer edge (62), with an iron circular support (7) 
placed over the exterior side of the thick circular part (61), a brass negative electrode collector 
rod (5) inserted into the through-hole (64), and the thick circular part (61) compressed between 
the negative electrode collector rod (5) and the circular support (7). 

The circular support (7) used in the present invention gradually rises from the middle part 
toward the center part, and its outer edge reaches to the outer edge (62) of the seal (6). For the 
thick circular part (61) of the seal (6), the through-hole surroxmding part (6a) and the other part 
(6b), i.e., the part other than the through-hole surrounding part (6a) of the thick circular part (61), 
the part (6b) from the connecting part (63), and the outer edge (62) are formed separately, and 
the face (6c) at which the outer face of the through-hole surrounding part (6a) is in contact with 
the inner face of the other part (see Figure 3) tapers with a gradual diameter decrease toward the 
electric current generation element side, i.e., downward in the figure, so that the inner face (6d) 
of the other part (6b) tapers with a gradual decrease in the diameter toward the electric current 
generation element side against the outer edge contact face (6c) of the through-hole surrounding 
part (6a). As described above, the through-hole surrounding part (6a) and the other part (6b) are 
formed separately, with the through-hole surrounding part (6a) being inserted into the other part 
(6b) to form the seal (6). 

Figure 1 illustrates a cylindrical alkaline battery using such a seal (6) described above, 
with a positive electrode (1) press-molded from granular positive electrode material obtained 
from 85 parts (by weight, same hereafter) of manganese dioxide, 12 parts of graphite flakes, and 
3 parts of zinc-oxide-dissolved 30-wt% potassium hydroxide aqueous solution, a gel-form 
negative electrode (2) obtained by mixing 60 parts of zinc amalgam powder, 1 part of sodium 
carboxymethylcellulose, and 39 parts of electrolyte of 5.2-wt% zinc-oxide-dissolved 35-wt% 
potassium hydroxide aqueous solution, vinylon-rayon paper separator (3) for separation of the 
positive electrode (1) and negative electrode (2) with the separator (3) and positive electrode (1) 
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impregnated with the electrolyte, nickel-plated iron positive electrode can (4), a groove (4a) 
formed near the opening end of the positive electrode can (4) for receiving the seal (6) inserted 
into the open part of the positive electrode can (4), with one edge of the seal (6) loaded with the 
circular support (7) and the negative electrode collector rod (5) inserted in contact with the lower 
wall of the groove (4a), and the opening end part of the positive electrode can (6) [sic] bent 
gently inward pressing against the outer edge (62) of the seal (6) to seal the opening part of the 
positive electrode can (6) [sic]. The figure also shows nickel-plated iron negative electrode 
terminal plate (8), with this negative electrode terminal plate (8) having a gas vent hole (8a). 
The figure also shows a nickel-plated carbon steel plate spring (9) placed between the negative 
electrode collector rod (5) and the negative electrode terminal plate (8), in such a way that the 
plate spring (9) presses, at its center, the head of the negative electrode collector rod (5) in the 
axial direction, with its edge being in contact with the edge of the negative electrode terminal 
plate (8). The figure also shows a paper ring (10) insulating the positive electrode can (4) and 
negative electrode terminal plate (8), a resin tube (1 1), a nickel-plated iron positive electrode 
terminal plate (12), tin-plated steel outer can (13), and resin rings (14, 15). A liquid packing 
material made from an asphalt compound (a mixture of blown asphalt and process oil) is present 
between the seal (6) and the negative electrode collector rod (5), between the seal (6) and the 
positive electrode can (4), and between the through-hole surrounding part (6a) of the seal (6) and 
the other part (6b). 

When the internal pressure of this battery rises abnormally high by abnormal gas 
generation, etc., as shown in Figure 3, the through-hole surrounding part (6a) of the seal (6) rises 
together with the negative electrode collector rod (5), leaving a gap between the through-hole 
surrounding part (6a) and the other part (6b), for rapid escape of the gases generated in the 
positive electrode can (4) through the gap. The gases escaped from the positive electrode can (4) 
are lead to the outside through the gas vent hole (8a) of the negative electrode terminal plate (8). 

After escape of the gases from the battery, the through-hole surrounding part (6a) of the 
seal (6) and the negative electrode collector rod (5) are pressed back by the restoration force of 
the plate spring (9) to return to the original state as shown in Figures 1-2. 

In the meantime, the upward movement of the other part (6b) of the seal (6) is prevented 
by the bent opening edge of the positive electrode can (4). The edges of the plate spring (9) are 
fixed by the folded part of the metal extemal can (13) via the edge of the negative electrode 
terminal plate (8), the resin tube (1 1), and the resin ring (14), thus with a rise in internal pressure, 
only its middle part is raised along with the negative electrode collector rod (5) and the through- 
hole surrounding part (6a) of the seal (6), then as the internal pressure decreases with gas escape, 
the recovery force returns the negative electrode collector rod (5) and the through-hole 
surrounding part (6a) of the seal (6) to their original positions. 
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The battery of the present invention does not have a thin part (63b) in the seal (6) as in 
conventional battery seals, thus they can be fabricated easily and the variation of pressure for 
removing gases jfrom the battery is small as shown in Table 1. It is also advantageous that as the 
internal pressure decreases with the escape of gases as described above, the restoration force of 
the plate spring (9) returns the through-hole surrounding part (6a) of the seal (6) and negative 
electrode collector rod (5) to their original positions, thus continuous use is possible. 

In the present invention, the pressure needed to raise the through-hole surrounding part 

_ (6a) of the seal (6) for allowing gases to escape to outside i_s usually 20-35 kg/cm^ Such a 

pressure is greatly affected by the seal (6) material (hardness), compressibility of the thick 

circular part (61) of the seal (6), the taper angle of the outer face of the throughThole surrounding 

part of the seal (6), hardness of the plate spring (9), etc. Usually, the compressibility is 10-25% 

and the taper angle is 5-10°. The plate spring (9) usually has a Vickers hardness of 200-500. 

The compressibility of the thick circular part (61) can be obtained by the equation given below: 
T-t 

-^xlOO 
T 

T: original thickness in the radial direction 

t: thickness in the radial direction after loading the circular support and insertion of the negative 
electrode collector rod. 

In the present invention, the seal (6) may be made from synthetic resins such as 
polyethylene, polypropylene, nylon, etc. The through-hole surrounding part (6a) and the other 
part (6b) may be made of the same material. The through-hole surrounding part (6a) may be 
molded from nylons such as nylon 6, nylon 66, nylon 610, nylon 11, nylon 12, etc. The other 
part (6b) may be molded from polyethylene, polypropylene, etc. They can be molded in the 
usual mamier, such as injection molding, compression molding, etc. 

For example, this battery can be made by the following process. 

The through-hole surrounding part (6a) and the other part (6b) were formed separately by 
injection molding, using nylon 1 1 for the through-hole surrounding part (6a) and nylon 66 for the 
other part (6b). The inner diameter of the through-hole surrounding part (6a), i.e., diameter of 
the through-hole (64), was 2.0 mm with a height of 4.0 mm, upper end outer diameter of 4.0 mm, 
and lower end outer diameter of 3.0 mm with a taper angle of 7°; the other part's (6b) outer 
diameter, i.e., outer diameter of the outer edge (62) was 80.7 mm, with a plate spring thickness 
of 0.15 mm and Vickers hardness of 300. The outer face of the through-hole surrounding part 
(6a) was coated with an asphalt compound, and the through-hole surrounding part (6a) was 
inserted into the other part (6b). 

The circular support (7) was loaded at the outer side of the thick circular part (61) of the 
seal (6) prepared above. The negative electrode collector rod (5) coated witti an asphalt 
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compound on its upper axial part was inserted into the through hole (64), and the thick circular 
part (61) was fastened between the negative electrode collector rod (5) and the circular support 
(7). The thick circular part (61) in contact with the circular support (7) had an outer diameter of 
5.0 mm, with the circular support (7) having an outer diameter of 5. 1 mm and radial direction 
thickness of 1 .25 mm. The negative electrode collector rod (5) had an axial outer diameter of 2.6 
mm, and the thick circular part (61) had a compressibility of 16.7%. 

Separately, the positive electrode (1) was filled into the positive electrode can (4), and 
groove (4a) was formed near the opening end of the positive electrode can (4). The inner surface 
of the forward portion of the groove was coated with an asphalt compound, followed by filling 
with the separator (3), electrolyte and negative electrode (2), placing the seal (6) in the opening 
part of the positive electrode can (4), with inward bending of the opening part of the positive 
electrode can (4) to seal the open part of the positive electrode can (4) by pressing the inner face 
of the positive electrode can to the outer edge (62) of the seal (6). 

Next, paper ring (10) was placed in the bent opening end of the positive electrode can (4), 
followed by placing the plate spring (9) and negative electrode terminal plate (8), placing the 
positive electrode terminal plate (12) onto the positive electrode side, covering with a heat- 
shrinkage vinyl chloride resin tube (11), and heating to shrink the resin tube (1 1), placing the 
resin rings (14, 15), then metal outer can (13). In this battery, the pressure designated for 
allowing the escape of gases was 80 kg/cm^. 

' Table 1 shows the relationship between the battery's intemal pressure and the number of 
batteries that allowed the escape of gases, tested for battery A of the present invention with the 
constitution shown in Figure 1 and conventional battery B. In all cases, the batteries were the 
JIS C8511 LR20 type (diameter: 84.2 mm, height: 59.5 nmi) of cylindrical alkaline manganese 
batteries, and 100 batteries were tested for each of batteries A and B. Each battery was subjected 
to forced gas generation by charging at 1000 mA, with the number of batteries that allowed gas 
escape when the intemal pressure rose to a designated pressure being given. The conventional 
battery B had a constitution shown in Figure 6. The seal (6) made of nylon 1 1 had a thin part 
(63b) with a design thickness of 0.15 mm, with 30 kg/cm^ for the pressure level designated for 
gas escape. The circular support (7) had a gas vent hole (7a). 



Table 1 





Intemal pressure of Battery (kg/cm^) 




20-25 


25-30 


30-35 


35-40 


40-45 


Battery A 


0 


28 


63 


4 


0 


Battery B 


3 


25 


41 


28 


3 
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(Note) In Table 1, the battery internal pressure of 20-25 indicates above 20 kg/cm^ but below 25 
kg/cm^; 25-30 indicates above 25 kg/cm^ but below 30 kg/cm^; 30-35 indicates above 30 kg/cm^ 
but below 35 kg/cm^; 35-40 indicates above 35 kg/cm^ but below 40 kg/cm^; and 40-45 indicates 
above 40 kg/cm^ but below 45 kg/cm^. 

As shown in Table 1, the conventional battery B showed substantial variation in pressures 
for gas escapCi, while such a variation was low in the case of the battery A of the present 
invention. _ 

Liquid leakage resistance was investigated by keeping the battery A of the present 
invention and the conventional battery B at 60°C and a relative humidity of 90% for 40 days. 
Both batteries showed no liquid leakage, indicating comparable liquid-leakage resistance for 
both battery A of the present invention and conventional battery B. Namely, separate formation 
of the through-hole surrounding part (6a) and the other part (6b) of the seal (6) does not result in 
a lowering of the liquid-leakage resistance, and for this type of batteries, the battery A of the 
present invention has excellent liquid-leakage resistance. Yet, the compressibility of the thick 
circular part (61) of the battery B is 16.7%, which is the same as the battery A. 

Figures 4-5 illustrate another example of a cylindrical alkaline battery of the present 
invention. The battery of Figure 4 is similar to that illustrated in Figure 1, except that in this 
battery, its circular support (7) is in a flat plate shape with its outer periphery not reaching to the 
outer edge (62) of the seal (6). In the battery shown in Figure 5, the upper end of the tiirough- 
hole surrounding part (6a) of the seal (6) is in a claw shape; also, the outer face of the claw part 
does not touch the inner face of the other part (6b) and extends to the outer face of the other part 
(6b). Accordingly, the height of the other part (6b) is sUghtly lower, otherwise this battery has a 
constitution similar to that of the battery shown in Figure 1 . The batteries shown in Figures 4 
and 5 are similar in performance to the battery shown in Figure 1 . 

Figure 8 is a half cross-sectional diagram illustrating another example of cylindrical 
alkaline batteries of the present invention; Figure 9 is an expanded cross-sectional diagram of a 
key part of the battery shown in Figure 8. 

Next, the seal (6) of this battery is explained. Similarly as in Figure 1, the seal (6) 
consists of a thick circular part (61) with a central through hole (64) for negative electrode 
collector rod (5) insertion, an outer edge (62) in contact with the opening edge of the positive 
electrode can (4), and a connecting part (63) for connecting the thick circular part (61) and the 
outer edge (62). An iron circular support (7) is loaded at the outer side of the thick circular part 
(61); a brass negative electrode collector rod (5) is inserted mto the through hole (64); and the 
thick circular part (61) is compressed between the negative electrode collector rod (5) and the 
circular support (7). The through-hole surrounding part (6a) at the thick circular part (61) of the 
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seal (6) and the other part (6b), i.e., the part other than the through-hole surrounding part (6a) of 
the thick circular part (61), the part (6b) from the coimecting part (63), and the outer edge (62) 
are formed separately, and the face (6c) at which the outer face of the through-hole surrounding 
part (6a) is in contact with the inner face of the other part tapers with a gradual diameter decrease 
toward the electric current generation element side, so that the inner face (6d) of the other part 
(6b) tapers with a gradual decrease in diameter toward the electric current generation element 
side against the outer edge contact face (6c) of the through-hole surrounding part (6a). As 
described above, the through-hole surrounding part (6a) and the other part (6b) are formed 
separately, and the through-hole surrounding part (6a) is inserted into the other part (6b) to form 
the seal (6). 

Figure 8 illustrates a cyUndrical alkaline battery using the seal (6) described above; its 
particular differences from the batteries described in other examples are in that sealing of the 
positive electrode can (4) is done by inward curling of the opening edge of the positive electrode 
can (4) to push this edge into the outer edge of the sagging part (63c) of the mverted triangular 
shape at the outer edge side of the seal (6), and the outer edge (62) of the seal (6) is pressed by 
bending the negative electrode side edge of the metal outer can (13). Despite such differences, 
similar to batteries described in other examples, as the battery's intemal pressure reaches a 
designated level in batteries illustrated in Figures 8-9, the through-hole surrounding part (6a) and 
the other part (6b) of the seal (6) are separated, allowing rapid escape of the intemal gases, thus 
preventing battery rupture, and as the intemal pressure decreases with escape of the gas from the 
battery, they return to the original positions by the restoration force of the plate spring (9). 

For example, the above battery can be made as shown below. 

The through-hole surrounding part (6a) and the other part (6b) were formed separately by 
injection molding, using nylon 1 1 for the through-hole surrounding part (6a) and polyethylene 
for the other part (6b). The inner diameter of the through-hole surrounding part (6a), i.e., 
diameter of the through-hole (64), was 2.0 mm with a height of 4.0 mm, upper end outer 
diameter of 4.0 mm, and lower end outer diameter of 3.0 mm with a taper angle of 7°; the other 
part (6b) outer diameter, i.e., outer diameter of the outer edge (62) was 30.7 mm, with a plate 
spring thickness of 0. 1 5 mm and Vickers hardness of 800. The outer face of the through-hole 
surrounding part (6a) was coated with an asphalt compoimd, and the through-hole surrounding 
part (6a) was inserted into the other part (6b). 

The circular support (7) was loaded at the outer side of the thick circular part (6a) [sic] of 
the seal (6) prepared above. The negative electrode collector rod (5) coated with an asphalt 
compound on its upper axial part was inserted into the through hole (64), and the thick circular 
part (61) was fastened between the negative electrode collector rod (5) and the circular support 
(7). The thick circular part (61) in contact with the circular support (7) had an outer diameter of 
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5.0 mm, with the circular support (7) having an outer diameter of 5.1 mm and radial direction 
thickness of 1 .25 mm. The negative electrode collector rod (5) had an axial outer diameter of 2.6 
mm, and the thick circular part (61) had a compressibility of 16.7%. 

Separately, the positive electrode (1) was filled into the positive electrode can (4), the 
opening edge of the positive electrode can (4) was curled inward, and its outer face was coated 
with an asphalt compound, followed by filling with the separator (3), electrolyte, and negative 
electrode (2), placing the seal (6) in the opening part of the positive electrode can (4), and 
pushing the opening edge of the positive electrode can (4) into the outer face of the sagging part 
(63c) of the inverted triangle shape at the outer edge (62) of the seal (6) to seal the opening of the 
positive electrode can (4). 

Next, the plate spring (9) and negative electrode terminal plate (8) were placed above the 
outer edge (62) of the seal (6), followed by placing the positive electrode terminal plate (12) onto 
the positive electrode side, covering with a heat-shrinkage vinyl chloride resin tube (1 1), heating 
to shrink the resin tube (1 1), placing the resin rings (14, 15), then metal outer can (13), and 
fastening the resin ring (14), resin tube (1 1) edge, negative electrode terminal plate (8) edge, 
plate spring (9) edge, and the outer edge (62) of the seal (6) by the bent part of the negative 
electrode side edge of the metal outer can (13) for prevention of their movement to the battery's 
outer side. In this battery, the pressure designated for allowing escape of gases was 25 kg/cm^. 

Table 2 shows the relationship between the battery's intemal pressure and the number of 
batteries that allowed the escape of gases, tested with battery C of the present invention with the 
constitution shown in Figure 8 and conventional battery D. In all cases, the batteries were the 
LR20 type of cylindrical alkaline manganese battery, and 100 batteries were tested for each of 
batteries C and D imder test conditions similar to those in Table 1. The conventional battery D 
had a constitution shown in Figure 10. The seal (6) made of polyethylene had a thin part (63b) 
with a design thickness of 0.20 mm, with 25 kg/cm^ for the pressure level designated for gas 
escape. 



Table 2 





Intemal pressure of E 


lattery 


10-15 


15-20 


20-25 


25-30 


30-35 


Battery C 
Battery D 


• 0 
4 


5 

22 


72 

53 


28 

18 


0 

3 



(Note) In Table 2, the battery intemal pressure of 10-15 indicates above 10 kg/cm^ but below 15 
kg/cm^; 15-20 indicates above 15 kg/cm^ but below 20 kg/cm^; 20-25 indicates above 20 kg/cm^ 
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but below 25 kg/cm^; 25-30 indicates above 25 kg/cm^ but below 30 kg/cm^; and 30-35 indicates 
above 30 kg/cm^ but below 35 kg/cm^. 

As shown in Table 2, the conventional battery D showed substantial variation in 
pressures for gas escape, while such a variation was low in the case of the battery C of the 
present invention. 

Liquid-leakage resistance was investigated by keeping the battery C of the present 
invention and the conventional battery D under the conditions described above. Both batteries 
showed no liquid leakage. Namely, for these types of batteries, the battery C of the present 
invention has excellent liquid-leakage resistance. Yet, the compressibility of the thick circular 
part (61) of the battery D is 16.7%, which is the same as the battery C. 

While plate springs were used in the above examples, springs are not limited to this type, 
and other types of springs such as coil springs can also be used. Even the plate springs are not 
limited to those used above, and other types of plate springs can also be used. 

Brief explanation of the figures 

Figure 1 is a half cross-sectional diagram illustrating an example of cylindrical alkaline 
batteries of the present invention. Figure 2 is an expanded cross-sectional diagram of a key part 
of the battery illustrated in Figure 1 . Figure 3 is an expanded cross-sectional diagram of a key 
part of the battery illustrated in Figure 1, similar to Figure 2, explaining the escape of internal 
gases fi-om the battery when the battery's intemal pressure rose. Figures 4-5 are expanded cross- 
sectional diagrams of key parts of other examples of cylindrical alkaline batteries of the present 
invention. Figure 6 is a half cross-sectional diagram of a conventional battery. Figure 7 is an 
expanded cross-sectional diagram of a key part of the conventional battery shown in Figure 6. 
Figure 8 is a half cross-sectional diagram illustrating another example of cylindrical alkaline 
batteries of the present invention. Figure 9 is an expanded cross-sectional diagram of a key part 
of the battery shown in Figure 8. Figure 10 is an expanded cross-sectional diagram of a key part 
of the conventional battery shown in Figure 6. 

(4) positive electrode can 

(5) negative electrode collector rod 

(6) seal 

(6a) through-hole surrounding part 

(6b) other part 

(6c) face at which the outer side of the through-hole surrounding part makes contact with the 

inner face of the other part 

(6d) inner face of the other part 
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(61 ) thick circular part 

(62) outer edge part 

(63) connecting part 

(64) through hole 

(7) circular support 

(8) negative electrode terminal plate 

(9) plate spring 

,_(13)- metal outer can 



Figure 1 
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Figure 5 



Figure 6 




Figure 8 
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Figure 10 
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